(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

14 December 20(K> (14.12^000) pCT WO 00/75084 Al 

(51) International Patent Classification': C03B 37/012 NC 28601 (US). RIPOCHE, Pierre [FR/FR]; 2 Avenue 

Marcel Donon, F-45300 HthiviCTS (FR). HUMBERT, 

(21) International Appfication Number: PCT/USOO/1 1868 **«trick [ITWFR]; 63. me Oberkampf, F-7501 1 Paris (FR). 

(22) International Filing Date: 5 June 2000 (05.06.2000) ^^^^ ^f^^^' ^' ^^^^ 

Zmn, MacPeak & Seas. PLLC, 2100 Pennsylvania Ave., 



(25) Filing Language: English 

(26) Publication Language: English 



N.W.. Suite 800, Washington, DC 20037-3213 (US). 
(81) Designated States (national): BR, CN, JP, US. 



(84) Designated States (regional): European patent (AT, BE, 
(30) Priority Data: CH, CY. DE, DK, ES, H, FR, GB, GR, IE, FT. LU, MC, 

09/328,008 8 June 1999(08.06.1999) US NL,PT.SE). 

(71) Applicant (for all designated States except US): ALCA- Published: 

TEL [FR/FR]; 54, Rue La Boetie, F-75008 Paris (FR). — With international search report. 

(72) Inventors; and For two-letter codes and other abbreviations, refer to the "(xuid- 
(75) Inventors/Applicants (for US only): GOUDEAU, once Notes on Codes and Abbreviations" appearing ai the begin- 

Jacques [FR/US]; 4158 Arrowhead Drive, NE, Hickory, ning of each regular issue of the PCT Gazette. 



(54) Title: PROCESS AND APPARATUS FOR PRODUCING AN OPTICAL FIBER PREFORM BY PLASMA DEPOSITION 




O 



(57) Abstract: A method and apparatus for increasing the overcladding rate in optical fiber prefonn production while maintaining 
the integrity of tiie cladding glass quality. Two plasma tordies are used, instead of just one, that are driven by the same powo* 
generator. The process includes the steps of supporting the preform on a lathe; providing first and second plasma torches having 
nozzles angled toward the preform; powering first and second plasma torches with a common generator such that the plasnui torches 
create plasma flames directed toward a surface of the pref(»m; introducing a quartz sand at a junction between &e first plasma torch 
or alternatively between both torches, and the surface of the prefonn to fiise tiie quartz sand on the surface of the preform; and moving 
the preform with respect to Ae plasma torches. The second plasma torch may be provided upstream of the first plasma torch so as to 
preheat the surface before the fusing of quartz sand by the first plasma torch, or may be located downstream thereof to post-heat 
the quartz sand after the initial fusing by die first plasma torch. 



wo 00/75084 



PCT/USOO/11868 



PROCESS AND APPARATUS FOR PRODUCING AN OPTICAL FIBER PREFORM BY PLASMA 
DEPOSITION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invenlion relates to a method and associated apparatus for 

increasing the overcladding rate in prefonn production while maintaining the integrity 
of the glass quality of the cladding. 

Discussion of Related Art 

Due to the market pressure to decrease the price of optical fibers, there is a 

continuous demand to increase the overall productivity of the fabrication process. 
One of the first steps in the process of manufacturing an optical fiber is the plasma 
process. This process involves making more than 90% of the preform glass by fusing 
quartz sand onto the primary preform as a cladding with the aid of a hot plasma 
fireball. 

There are two important parameters associated with this process. The first is 
the deposition speed (grams/min.) of the glass and the second is the quality of the 
deposited glass. For a particular process, these two parameters are antagonistic to 
each other. Specifically, as the deposition speed increases, the glass quality is 
degraded. 

Both of these parameters are affected by .the usable power available to 
generate the plasma fireball The higher the power, the greater the deposition speed 
and the better the glass quality. However, the conventional plasma setup has limited 
power capability. This limitation is not due to the output of the generator, but to the 
thermal resistance of the plasma torch. When the power in the plasma torch reaches a 
given value, the plasma torch cannot sustain the required temperature and its lifetime 
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is shortened. It is estimated that the plasma torch only uses approximately 2/3 of the 
output capacity of the generator. 

Conventional processes only use a single plasma torch such as is disclosed in 
U.S. Patent No. 4,221,825. Thus, the full capacity of the generator is not reaUzed and 
the deposition speed and quality of glass are limited. 

SUMMARY OF THE INVENTION 

An object of the invention is to utilize the full capacity of the generator to 

thereby improve the overall deposition speed without sacrificing the quality of the 
glass. In particular, it is estimated that the process of the present invention will 
increase the deposition speed by approximately 50% for a given glass quality. This 
object is achieved by utilizing two or more plasma torches, instead of just one, that 
are driven by the same power generator. 

Thus the present invention is directed to a process and apparatus for applying 
quartz sand to a preform. The process of overcladding a preform includes the steps of 
supporting the preform on a lathe; providing first and second plasma torches havmg 
nozzles angled toward the preform; powering the first and second plasma torches with 
a common generator such that the plasma torches create plasma flames directed 
toward a surface of the preforai; introducing a quartz sand at a junction between the 
first plasma torch and the surface of the preform to fixse the quartz sand on the surface 
of the preform; and moving the preform with respect to the plasma torches. 

Accordmg on one aspect of the invention, the second plasma torch is provided 

upstream of the first plasma torch so as to preheat the surface before the fiising of the 

quartz sand by the first plasma torch. According to a second aspect of the invention, 

the second plasma torch is located dovwistream of the first plasma torch to heat up the 
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quartz sand after the initial fusing by the first plasma torch. According to a third 
aspect of the invention, the quartz sand is introduced at junctions between the surface 
of the preform and both of the plasma torches to fuse the quartz sand with both the 
first and second plasma torches simultaneously. 

The apparatus for performing this process includes a lathe for supporting the 
preform; first and second plasma torches having nozzles angled toward the preform; a 
generator for powering the first and* second plasma torches such that the plasma 
torches create plasma flames directed toward a surface of the preform; one or more 
feeder(s) for feeding the quartz sand at a junction between the one of the torches and 
the surface of the preform to fuse the quartz sand on the surface of the preform; and 
means for moving the preform with respect to the plasma torches. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The advantages, nature and various additional features of the invention will 

appear more fully upon consideration of the illustrative embodiment of the invention 

which is schematically set forth in the dravraigs, in which: 

Fig. 1 is a side view of an illustrative apparatus for performing the over- 
cladding step according tb the invention; 

Fig. 2 is a perspective view showing the two plasma torches; 

Fig. 3 is a perspective view showing the coil arrangement of the plasma 
torches; 

Fig. 4 is a perspective view showing one aspect of the invention where the 
second plasma torch is provided upstream of the first plasma torch so as to preheat the 
surface before the fiising of the quartz sand by the first plasma torch; 
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Fig. 5 is a perspective view showing a second aspect of the invention where 
the second plasma torch is located downstream of the first plasma torch to post-heat 
the quartz sand after the initial fusing by the first plasma torch; and 

Fig. 6 is a perspective view showing a third aspect of the invention where the 
quartz sand is introduced at junctions between the surface of the preform and both of 
the plasma torches to fuse the quartz sand with both the first and second plasma 
torches simultaneously. 

DETAILED DESCRIPTION OF THE INVENTION 

A conventional process for manufacturing an optical fiber includes a first step 

involving modified chemical vapor deposition (MCVD) to form a primary preform 
14, a second step of plasma overcladding to forni an overclad preform 15 and a third 
step of drawing the preform to form the optical fiber. 

The present invention is directed to an improvement in the overcladdmg step. 
As noted above, this step of the process is directed to increasing the diameter of the 
preform and involves fusing quartz sand onto the surface of the primary preform 14 
acting as a target. The invention will be described in detail v^th reference to Figs. 1- 
3. Fig. 1 is a side view of an illustrative apparatus for performing the over-cladding 
step according to the invention, Fig..2 is a perspective view showing the two plasma 
torches and Fig. 3 is a perspective view showing the coil arrangement of the plasma 
torches. 

Referring to Figs. 1 and 2, the overcladding apparatus 10 includes a plasma 

chamber 12 in which a primary preform 14 is located. The primary preform 14 is 

supported between chucks of a conventional glass-working lathe 16. The lathe 16 is 

capable of rotating the preform about its longitudinal axis, longitudinally translating 
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the preform (i.e., in and out of the paper in Fig. 1) and adjusting the distance between 
the torches and the preform. 

The apparatus further includes two plasma torches 18, 19 located inside the 
plasma chamber 12. Each of the plasma torches includes a tube tubes 20 surrounded 
by an induction coil 22 which is electrically connected to a high-frequency generator 
24. The torches are either water cooled or air cooled. The plasma torches 18, 19 are 
moveably supported as shown by arrows A and B in Fig. 2 so that their positions can 
be adjusted along the length of the preform 14 (arrows A) and radially of the preform 
(arrow B). Specifically, the plasma torches are moveably supported by isolating 
members 25 which slide in grooves provided in a base member 27. 

The end of the silica tube has a nozzle through which a conventional plasma 
generating gas such as air, pure oxygen, or a mixture thereof, is introduced. The coil 
22 surroxmding each of the tubes 20 creates a high electromagnetic field in the air 
flowing into the torches. As soon as the plasma is initiated by means of an igniter, the 
generator power (in the range of e.g., 50 to 200 kW) is fed to each of the plasma 
torches to create a plasma fireball that is capable of reaching 10,000° centigrade. Of 
course, it is understood that the invention is not limited to a particular type generator 
or a specific range of power generated thereby. 

A grain feeder 26 having a tube injector 28 is placed along side of at least one 
of the plasma torches 18 with the tube injector angled toward the plasma torch. The 
injector 28 delivers quartz sand 30 stored in the grain feeder 26 to the plasma torch 
whereupori the quartz grain is rapidly heated and fused onto the rotating and 
.translating preform 14. This process is continues until glass layers are built up on the 
preform 14 to a predetermined diameter to form the overclad preform 15. The 
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diameter of the preform is monitored by a camera 32. Hot air and silica fumes are 
removed from the plasma chamber 12 via an exhaust hood 34. 

Fig. 3 is a schematic illustration of the arrangement of the coils 22 that are 
driven by the common generator 24. The arrangement includes a high tension 
electrode 36 and a ground electrode 38 that are respectively electrically connected to 
the high tension and ground terminals of the power generator 24. The electrodes have 
longitudinal slots 40 therein for receiving a screw 42 for fastening the coils 22 to the 
electrodes. The slots 40 allow for the coils 22 to be moved along the electrodes 36, 
38 to change the spacing between the coils. This is important to"enable the plasma 
torches to be properly positioned depending on the mode of operation, as discussed in 
greater detail below. : 

Control of the entire process, including the movement of the preform 14, is 
controlled by an industrial programmable logic controller (PLC) 46 located outside of 
the plasma chamber. 

As noted above, the efficiency of the process is characterized by the . 
d^osition speed of the quartz sand (i.e., the quantity of sand deposited on the preform 
as glass), the glass quality aiid the grain yield (i.e., the ratio of amount of grain 
deposited on the preform to the amount of grain injected in %). 

The presence of two plasma toiches 18, 19 improves the efficiency of the 
process in the following respects. There are three preferred techniques for over- 
cladding using the two plasma torches. 

According to the first aspect of the invention, one of the plasma torches 18 is 

located upstream of the other plasma torch 19 and functions to preheat the preform 14 

prior to the deposition of the quartz sand by the other, downstream, plasma torch 19. 

6 



wo 00/75084 PCT/USOO/1 1 868 

An example of this arrangemenl is shown in Fig. 4 of the application, Refeiring to 
Fig. 4, the preform is moved longitudinally in the right-hand direction (see anrow) 
with the two plasma torches being longitudinally offset from each other. . A tube 
injector 28 injects the quartz sand 30 to the downstream, plasma torch 19, The 
upstream, plasma torch 18 is not fed with the quartz sand. Instead, the upstream torch 
18 preheats the preform lo improve the overcladding performed by the downstream 
torch 19. 

It has been discovered that for a given deposition speed the quality of the 
deposited glass is substantially better when the preform has been preheated than 
without preheating. Conversely, preheating of the preform allows the deposition 
speed to be increased without adversely impacting, the quality of the glass. 

According to the second aspect of the invention, one of the plasma torches is 
depositing the quartz sand, and the other plasma torch is post-heating the glass, as 
shovm in Fig* 5. In contrast to the previous embodiment of Fig. 4, in this 
embodiment, the quartz sand is fed to the upstream plasma torch 1 8, but not to the 
downstream plasma torch 19. Thus, the downstream plasma torch 19 functions to 
post-heat the quartz sand on the surface of the preform (i.e., to post-heat the overclad 
preform 1 5) after the initial fusmg by the upstream plasma torch 18. 

The post-heating of the glass refines the glass quality and minimizes bubbles 
formation. As with the previous technique, it has been determined that for a given 
deposition speed the quality of the deposited glass is improved using the two plasma 
torches over the conventional single plasma torch method. Conversely, the deposition 
speed can be increased without adversely impacting the glass quaUty when compared 
to the conventional technique. 
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According to another aspect of the invention, the two torches 18, 19 are used 
to deposit the quartz grain simultaneously to form the overclad preform 15. This 
technique is shown in Fig. 6. Referring to Fig. 6, the tube injectors 28 deliver the 
quartz sand to each of the plasma torches 18, 19 such that quartz sand 30 is 
simultaneously fused to the surface of the preform 14 at different longitudinal 
locations. This allows the grain flow to be lowered for each plasma torch to improve 
the quality of the glass, while maintaining or increasing the deposition speed, as 
compared to a single torch process. According to an alternative embodiment, it is 
possible to simultaneously deposit two different types of grain u^ing different plasma 
gases and/or different injection gases. 

As can be seen from the foregoing, the process and apparatus of the present 
invention, which utilized two plasma torches 18, 19, substantially improves the 
efficiency of the system by maximizing the output of the common generator 24. As 
noted above, the limiting element in the conventional single plasma torch process is 
the plasma torch; the generator is operated at a relatively low power.to reduce the 
operatmg temperature of the plasma torch and thereby maximize the life of the plasma 
torch. By providing two plasma torches that are powered by a common generator, the 
efficiency of the process is improved by maximizing the output of the generator. That 
is, the generator can operate at a higher designed power and the plasma torches can 
operate within an acceptable temperature range while dramatically increasing the 
deposition speed of the process and/or improving the quality of the glass. 

Having described, the invention with particular reference to the preferred 
embodiments, it will be obvious to those skilled in the art to which the invention 
pertains after understanding the invention, that various modifications and changes 
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may be made therein without departing from the spirit and scope of the invention as 
defined by the claims appended hereto. For example, instead of using just two plasma 
torches, it is understood that three or more plasma torches can be used. 
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We claim 

1 . A process of over-cladding a preform, comprising the following steps: 
supporting said preform on a lathe; 

providing first and second plasma torches having nozzles angled toward said 
preform; 

powering said first and second plasma torches with a common generator such 
that said plasma torches create plasma flames directed toward an external surface of 
said preform; 

introducing a quartz sand at a junction between said first plasma torch and said 
external surface of said preform to fiise said quartz sand on said external surface of 
said preform; and 

moving said preform with respect to said plasma torches. 

2. The process of claim 1 , wherein said second plasma torch is provided 
upstream of said first plasma torch so as to preheat said external surface of said 
preform prior to the fiising of the quartz sand by the first plasma torch. 

3. The process of claim 1, where said second plasma torch is located 
downstream of said first plasma torch to post-heat said surface after the initial fiising 
of the quartz sand by said first plasma torch. 

4. The process of claim 1 , wherein said introducing step fiirther includes 
introducing additional quartz sand at a junction between said second plasma torch and 
said external surface of said preform to fiise quartz sand with both said first and 
second plasma torches simultaneously. 
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5. The process of claim 1, wherein said moving step include rotating said 
preform on said lathe. 

6. - The process of claim 5, wherein said moving step also include 
translating said preform with respect to said first and second plasma torches in a 
direction parallel to the longitudinal axis of said preform. 

7. An apparatus for applying quartz sand to a preform, comprising: 
a lathe for rotatably supporting said preform; 

first and second plasma torches having nozzles angled toward said preform; 

a generator for powering said first and second plasma torches such that said 
plasma torches create plasma flames directed toward an external surface of said 
preform; 

a feeder for feeding the quartz sand at a junction between said first plasma 
torch and said external surface of said preform to fiise said quartz sand on said 
external surface of said preform; and 

means for moving said preform with respect to said plasma torches. 

8. The apparatus of claim 7, wherein said second plasma torch is 
provided upstream of said first plasma torch so as to preheat said external surface of 
said preform prior the fiising of said quartz sand on said external surface by said first 
plasma torch. 

9. The apparatus of claim 7, where said second plasma torch is located 
downstream of said first plasma torch to post-heat said surface after the fiising of said 
quartz sand on said external surface by said first plasma torch. 
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10. The apparatus of claim 7, further comprising another feeder for feeding 
additional quartz sand to a junction between said second plasma torch and said 
external surface of said preform to fiise quartz sand with both said first and second 
plasma torches simultaneously: 

1 1 . The apparatus of claim 7, wherein said moving means includes means 
for rotating said preform on said lathe. 

12. The apparatus of claim 7, wherein each of said first and second plasma 
torches includes a coil which is electrically connected to said generator. 
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